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Abstract. We propose a citation- and text-based framework to con-
duct literature review searches. Given a small set of articles included
in a literature review (i.e. seed articles), the first step of the framework
retrieves articles that are connected to the seed articles in the citation
network. The next step filters these retrieved articles using a hybrid cita-
tion and text-based criteria. In this paper, we evaluate a first implementa-
tion of this framework (code available at https://github.com/janinaj/
lit-review-search) by comparing it to the conventional search meth-
ods for retrieving the included studies of 6 published systematic reviews.
Using different combinations of 3 seed articles, on average we retrieved
71.2% of the total included studies in the published reviews and 82.33%
of the studies available in the search database (Scopus). Our best com-
binations retrieved 87% of the total included studies, which comprised
100% of the studies available in Scopus. In 5 of the 6 reviews, we reduced
the number of results by 34–88%, which in practice would save review-
ers significant time, since the overall number of search results that need
to be manually screened is substantially reduced. These results suggest
that our framework is a promising approach to improving the literature
review search process.
Keywords: citation relationships, text mining, literature review, sys-
tematic search
1 Introduction
Scholarly output is large and fast-growing: as of 2018, Scopus alone covers 69
million publications, comprised of journals, conference proceedings, and books1,
and this may double by 2027 as scholarly output grows about 8% each year [1].
Staying up-to-date in such an environment is difficult, especially with an increase
in interdisciplinary work. This makes literature reviews important, but time-
consuming to conduct.
There are multiple types of literature reviews, and each type has different
specific goals [2]. For instance, a state-of-the art review may focus on current
1 https://www.elsevier.com/solutions/scopus/content
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literature and emerging priorities, while rapid reviews may support policymaking
by assessing what is already known on a practical topic. Systematic searching
is useful for all types of literature reviews, but it is fundamental for systematic
reviews, which seek 100% recall. Systematic reviews try to find all available
evidence pertaining to a given research question. Thus, they become increasingly
time-consuming and difficult to conduct as literature grows. It is pertinent that
all retrieved search results are screened, typically manually, and classified as
relevant or irrelevant.
Even small improvements in the search process for literature reviews could
help researchers more efficiently retrieve relevant publications. Ross-White and
Godfrey [3] studied the precision of high-recall searches used for 8 systematic
reviews. They calculated that an average of 142 results needed to be screened
to find 1 relevant paper. The 8 reviews they described screened a total of 17,378
abstracts to find 122 relevant articles. The time required for screening can be
substantial. Bannach-Brown et al. [4] suggested that 1 person can screen an
estimated 1,879 results per month. Librarians reported routinely spending 40-60
hours to develop search queries that still result in thousands of results that need
to be manually screened to find a handful of relevant articles [5].
Alternative or complementary approaches to conventional term- and concept-
based search methods are needed, and current work in this area is promising.
For instance, CitNetExplorer was originally designed to study the evolution of
science, but its citation network visualizations can also help systematically re-
trieve publications [6]. New approaches can also take advantage of additional
publication data, which is increasingly available for electronic access and effi-
cient retrieval. Scopus, a large scientific database, provides citation information
for indexed articles. A public domain corpus of citation information, OpenCita-
tions [7], reportedly contains reference lists for 50% of CrossRef-indexed publi-
cations as of 2018.2 Meanwhile, many publishers provide full-text access to their
content, and text mining of licensed content is increasingly feasible.3 These ad-
ditional data sources allow for the development of novel techniques that leverage
different kinds of information.
We propose a citation- and text-based framework for conducting literature
review searches. Our approach differs from conventional search methods in that
we use publications (“seed articles”) as our starting point, rather than identifying
search strings. We also use the citation network of seed articles as our search and
retrieval space. We then filter the results by removing publications with weak
citation and topical relationships with the seed articles.
We envision this framework to be useful for different types of literature re-
views. In this paper, we test a first implementation of our framework on 6 sys-
tematic reviews.
In Section 2, we provide related work on both citation and text-based infor-
mation retrieval. In Section 3, we describe our framework, a sample implementa-
2 https://i4oc.org/#faqs
3 e.g. through the Crossref Text and Data Mining APIs http://tdmsupport.
crossref.org
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tion, and an experimental evaluation. In Section 4 we report our results, which
we analyze and discuss in Section 5. Finally, in Section 6, we conclude the paper.
2 Related Work
2.1 Text-based Techniques for Information Retrieval
Topic modeling is one of the text mining techniques that has been frequently
used for information retrieval-based tasks. Wang, McCallum, and Wei found that
the use of topical phrases can improve the performance of information retrieval
systems [8]. Combining collaborative filtering and topic modeling has also been
shown to be a promising approach in recommending scientific publications [9].
Text mining has also been used specifically for systematic review tasks. A
2015 systematic review by O’Mara-Eves et al. [10] provides a detailed discussion
of proposed solutions for screening documents. More recent approaches include
a text-mining framework for screening documents for systematic reviews intro-
duced by Li et al. [11] and a semi-supervised approach for screening relevant
documents developed by Kontonatsios et al. [12].
2.2 Citation-based Techniques for Information Retrieval
Citation-based methods have also been proposed for retrieving and ranking rel-
evant scientific publications. In a field study using real searches in health science
libraries in the early 1990’s, Pao [13] found that citation searching was able to
add an average of 24% recall. Recent approaches include using term frequency-
inverse document frequency metrics, commonly used for text-based ranking, to
rank co-cited papers [14] and citation proximity analysis to recommend scientific
publications [15].
Belter [16] explored a citation-based approach for retrieving studies for in-
clusion in systematic reviews, which has shown promising results, in particu-
lar, substantial increases in precision. Our implementation bases its search and
citation-based filtering steps on Belter’s approach; we add additional text-based
filtering and further automation. Belter’s test set also inspired the experiment
we describe below. We use 6 of the 14 systematic reviews in Belter’s study [16].
2.3 Hybrid Techniques for Information Retrieval
Wolfram [17] emphasized the synergy between information retrieval, bibliomet-
rics, and natural language processing. Adopting and integrating methods across
these domains seems natural, especially with the increasing availability of cita-
tion data and full-text papers.
Glanzel [18] proposed the use of bibliometrics-aided retrieval and hybrid
methods for studying scholarly disciplines. Silva et al. [19] demonstrated the
utility of using a hybrid citation and text-based approach for science mapping.
However, we were not able to find prior frameworks that combine citation and
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text-based methods to aid literature review searches. We hypothesize that such




We propose a three-step framework for searching and filtering articles for liter-
ature reviews starting from one or more seed articles.
1. Select seed article(s): Identify 1 or more publications relevant for inclusion
in the review to use as seed articles.
2. Search: Collect papers connected by citation relationships to at least one
seed article.
3. Filter:
(a) Citation-based: Remove papers with weak citation relationships to the
seed articles.
(b) Text-based: Filter the list of papers using keywords or topics found in
the set of all seed articles.
These two filtering methods can be interchanged or combined.
3.2 A Sample Implementation
Select seed article(s) We use all possible combinations of 1-, 2-, or 3- seed
articles.
Search We retrieved the references, citations, co-citing papers, and co-cited
papers of all seed articles. These relationships to the seed article are shown in
Figure 1. References (RP) are publications cited by a seed article (i.e. usually
listed at the end of articles), while citations (CP) are publications that cited a
seed article. Co-citing papers (CC) are papers that also cited the same articles
that the seed article cited, while co-cited papers (CR) are papers that are also
cited by the same articles that cited the seed article. For the rest of this paper,
we refer to this set of articles as the citation space of the seed article. We used
the Scopus APIs4 to retrieve the citation spaces.
Filter We implemented a two-step filtering approach by first removing the
articles that do not pass our citation-based criteria, then further filtering the
list of papers using keywords of the seed articles. The resulting list contains the
final set of retrieved papers.
4 https://dev.elsevier.com/sc_apis.html
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Fig. 1. Citation Space of a Seed Article
Citation-Based Filtering Our citation-based filtering removes all papers that do
not meet at least one of these criteria from the retrieved set of papers:
– paper A cites paper B
– paper A is cited by paper B
– paper A shares at least 10% of its references with paper B
– paper A shares at least 10% of its citations with paper B.
We chose 10% as Belter [16] reported promising results with this threshold.
Given constraints on our API usage (10,000 abstracts and 20,000 citations per
week), filtering by citations enabled us to retrieve a smaller number of abstracts
for text-based filtering.
Text-Based Filtering To get the final set of retrieved papers, we filtered the
remaining papers based on phrases extracted from the abstracts. We deemed a
paper relevant if its abstract contained at least one bigram or trigram phrase
found in any of the seed articles’ abstracts.
We used the Scopus Abstract Retrieval API to retrieve the abstracts. Then,
phrases were extracted from abstracts using an available Python implemen-
tation5 of the Rapid Automatic Keyword Extraction (RAKE) algorithm [20].
RAKE’s graph-based approach to extract phrases has been tested on scientific
abstracts, and its strength is retaining phrases that include stopwords (enabling
it to find complex concepts, e.g. “curse of dimensionality”). We found that
5 https://pypi.python.org/pypi/rake-nltk
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the unigram output from RAKE contained uninformative words – verbs (e.g.
needed), conjunctive adverbs (e.g. however), and nouns (e.g. studies), so we
omitted unigrams.
4 Experiment on the Sample Implementation
4.1 Aim of Experiment
The aim of the experiment was to test our implementation against conventional
search procedures used in systematic reviewing. Systematic reviews aim to find
all available evidence pertaining to a given research question (i.e. get 100% recall
on that question), and typically manually screen search results. Maintaining
recall while increasing precision (i.e. get less results for manual screening) would
save reviewers time. Therefore, for a given systematic review, our goal was two-
fold: (1) retrieve all the designated major publications included in the review
and (2) reduce the total number of retrieved papers.
4.2 Ground Truth from Conventional Search Methods
Table 1 shows the list of 6 systematic reviews we used as our ground truth in this
experiment [21–26]. All 6 systematic reviews were conducted using Cochrane’s
rigorous, standardized methods for synthesizing medical evidence [27] and pub-
lished in 2014 in the Cochrane Database of Systematic Reviews. Each publica-
tion indicates the month in which searches were conducted, the number of results
screened, and the number of included studies with their references.
A study refers to a group of related publications (e.g. reports about the same
clinical trial). For each included study in a review, one publication is designated
as the the major publication, which is indicated with an asterisk in the review’s
list of included studies. For our purposes, the designated major publications are
used as both seed articles and retrieval targets.
Searches were conducted in 2013 or 2014, and all 6 reviews reported searching
the references of included studies or ongoing trials to find more relevant studies.
All reviews reported several search strings in their search strategies, and most of
these reviews have different search strategies for different search databases. These
search strategies are often refined iteratively, and thus also take a significant
amount of time to construct.
Reviewers manually screened 502 to 2762 results and resulted in 6 to 13
included studies, as reported in the published reviews.
We selected these 6 from the 14 systematic reviews used in the study by
Belter [16].
4.3 Implementation Details for the Experiment
Code used in the experiment is available at GitHub.6
6 https://github.com/janinaj/lit-review-search
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Table 1. List of Reviews Used in our Experiment
Review Article Title
1 Antibiotic regimens for management of intra-amniotic infection [21]
2 Interventions for preventing and ameliorating cognitive deficits in
adults treated with cranial irradiation [22]
3 Co-enzyme Q10 supplementation for the primary prevention of cardio-
vascular disease [23]
4 Intermittent self-dilatation for urethral stricture disease in males [24]
5 Electronic cigarettes for smoking cessation and reduction [25]
6 Long-term proton pump inhibitor (PPI) use and the development of
gastric pre-malignant lesions [26]
For citation retrieval, we approximated the search date specified in each
review by using the year. For example, if the search was reported as conducted
in February 2013, we retrieved citations to the seed articles that were published
prior to or in the entire year of 2013. It should also be noted that not all of the
studies were indexed by Scopus. We return to this point in Section 5.
For each review, the major publications are used as both seed articles and
retrieval targets. In each case, the goal was, given some set of major publications
as seed articles, to retrieve all of the remaining major publications as retrieval
targets. In the following, for simplicity, we refer to the major publications from
a review as its studies or included studies.
We tested our method on all possible 1-, 2-, and 3-seed combinations. For
instance, review #1 has 10 included studies indexed in Scopus: there are 10 1-
seed combinations, 45 2-seed combinations, and 120 3-seed combinations. Con-
sequently, our implementation tested a total of 175 seed combinations for re-
view #1.
5 Results
Table 3 shows the average, maximum, and minimum number of studies (including
the seed articles themselves) retrieved using the different numbers of seeds. Using
the 3-seed combinations, we were able to retrieve all included studies in 2 of the
6 reviews. Overall, we were able to retrieve all the included studies indexed by
Scopus (recall = 100% within Scopus), which covered 48 out of the 55 total
included studies (recall = 87.27% overall). However, not all 3-seed combinations
could achieve this result. The combinations that were able to achieve this result
range from 1% (2/165 combinations) to 75% (3/4 combinations). On average, 40
total included studies (recall = 71.85%) were retrieved for 3-seed combinations.
For 1-seed combinations, the worst-performing seeds were not able to retrieve
any of the other included studies in 5 of the 6 reviews. However, if we added a
second seed that was also unable to retrieve any other included studies, com-
bined, they could retrieve other included studies. In 3-seed combinations, the
worst-performing combinations were still able to retrieve at least 50% of the
included studies.
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Table 2. Conventional Search Results vs. Average Number of Search Results Retrieved
from Scopus in our Experiments
Review Conventional 1-Seed 2-Seed 3-Seed
1 1,001 86 223 381
2 2,762 84 210 343
3 1,348 146 342 542
4 276 45 113 181
5 594 75 163 250
6 502 140 332 530






Seeds Avg Max Min
1
1 4 6 1
11 10 2 6.91 9 4
3 8.4 10 6
2
1 1.25 2 1
6 4 2 2.83 4 2
3 3.75 4 3
3
1 2 3 1
6 5 2 3.7 5 2
3 4.5 5 4
4
1 4.45 8 1
11 11 2 7.13 9 4
3 8.4 11 6
5
1 4 7 1
13 10 2 6.36 9 3
3 7.72 10 6
6
1 3.38 5 3
8 8 2 5.46 8 3
3 6.75 8 4
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Table 3 shows the average number of search results retrieved for the differ-
ent numbers of seeds. When the number of seeds is increased from 1 to 2, the
retrieved results increased by an average of 24%, and when the number of seeds
is increased from 2 to 3 they increased by an additional 16%. Overall the recall
compares favorably to conventional search methods: for 3-seed combinations, we
reduced the number of results by 34-88% in 5 of the 6 reviews, while the sixth
review increased the number of results by 5%; in practice, reductions in results
would save reviewers significant time, since the overall number of search results
that need to be manually screened is substantially reduced.
6 Discussion & Future Work
Our implementation and results suggest that our proposed framework can be
a useful strategy for supporting literature reviews. For 5 out of the 6 reviews,
we achieved the same recall as the conventional search methods used in con-
ducting the reviews, but increased the precision. This means that if our method
were used in conducting the original reviews, the reviewers could have read and
screened fewer of the abstracts while still finding all included publications in-
dexed in Scopus. This reduction could have been substantial – over 2,000 fewer
abstracts for review #2. This shows that our framework can help alleviate the
time-consuming task of manually screening documents for systematic reviews.
In our method, the reviewer only needs to find 1-3 articles that are definitely
included in the review. Presumably, these articles are easy to identify and select
as seed articles.
Papers are cited for various reasons, and a citation relationship between two
documents (i.e. paper A cites paper B) means that they are related in some
way. Thus, we can hope that documents are connected in the extended citation
network when they have high similarity in their content. This is the case in the
included studies for the 6 reviews in our experiment, where all but one included
study were connected to at least one other included study in our defined citation
space. The only included study that was not connected to any other study also
had no citations as of the year of the review and had no reference data in Scopus.
These results suggest that navigating the citation network of the seeds may be
able to retrieve all the included studies, but the citation space may contain
thousands of publications. The largest citation space for a single article used in
our experiment contained 107,149 publications, for review #2.
While we can filter the publications in the citation space using only a text-
based or only a citation-based method, we hypothesize that a combination of
both approaches can filter the list of articles better. This is because the text can
provide more details on the topical similarity of documents, while the citation
data may capture relations that are not evident in the text. While we have
not conducted a comparison with the text-based filtering, we did retrieve fewer
results than Belter’s citation-based filtering [16] for the 6 reviews, using the same
number of seeds.
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One of the advantages of this framework is that it can be largely automated.
While the seeds need to be selected manually, the retrieval of the citation space
and the filtering steps can be done programmatically, assuming that the data is
available.
However, one of the limitations of this approach is that it relies on the com-
pleteness of the available data. In our experiment, not all of the 55 included
studies were in Scopus: only 48 of the included studies were primary documents
indexed in Scopus; 6 were secondary documents not indexed in Scopus (but con-
taining title and citation data in Scopus); and 1 document (a meeting abstract
published in the appendix of a journal) had no information in Scopus. In ad-
dition, of the 48 primary documents in Scopus, 1 had no abstract and 9 were
missing reference data.
Further testing how the framework can be integrated into current literature
review processes is warranted. While our framework cannot guarantee 100%
recall all the time (although this is also the case with conventional methods),
we envision that it can be easily integrated in the processes for developing and
updating systematic reviews. The framework could also be used to estimate the
number of included studies when developing reviews. It has particular promise for
finding recent studies when updating systematic reviews, using the previously
included studies as seeds. Further, Belter [16] suggested that a citation-based
approach may retrieve articles that are not retrieved by the search methods
used by the reviewers, so our approach could also be used to seek additional
studies for inclusion in a review.
While we have shown that our framework can work well for systematic re-
views, we also plan on testing our framework on different kinds of literature
reviews, such as scoping reviews. Our future work will explore how different vari-
ations in citation space definitions and filtering criteria work for various kinds
of literature reviews. We also want to explore how we can use the framework
to rank the retrieved publications. This could be tested on the CLEF E-health
2018 Task 2; as in 2017 [28], given a Boolean query and its MEDLINE search re-
sults for 20 Cochrane Diagnostic Test Accuracy reviews, systems will rank titles
and abstracts and determine a screening threshold. While the ranking of results
may not be as important in systematic reviews, it may be very useful for other
reviews, such as scoping reviews and state-of-the-art reviews.
7 Conclusion
In this paper, we presented a citation and text-based framework for retrieving
publications for literature reviews. Our proposed framework retrieves papers
from a set of seed articles through citation relationships, then filters the papers
using citation and text-based methods. Our experiment on an implementation of
the framework showed that we can achieve up to 100% recall within the limits of
the data while improving the precision, but a careful selection of seeds is required.
Further testing of the performance and utility of the framework is warranted, but
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our preliminary results suggest that a hybrid citation- and text-based approach
can be a useful strategy in supporting literature reviews.
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